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(57) ABSTRACT

Disclosed is a sludge processing system having a centrifugal
separator concentrating the sludge and a furnace heat-treating
the concentrated sludge. It allows automatic control in which
the operational condition of the centrifugal separator operates
under optimal conditions according to the operational state of
the furnace. The control device sets a variable range of a
differential speed between the bowl and screw conveyor of
the centrifugal separator, and variably controls the differen-
tial speed so concentrated sludge convey torque of the screw
conveyor achieves a torque corresponding to a moisture con-
tent requested by the furnace within the variable range, when
the differential speed varies within a certain previously set
range and the concentrated sludge convey torque of the screw
conveyor maintains the torque corresponding to the moisture
content requested by the furnace for a certain period of time
being previously set, changes a control value of the centrifu-
gal force and the torque.

20 Claims, 10 Drawing Sheets
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1
SLUDGE PROCESSING SYSTEM AND
STORAGE MEDIUM STORING A PROGRAM
FOR CONTROLLING OPERATION OF A
SLUDGE PROCESSING SYSTEM BASED ON
CORRELATION BETWEEN MOISTURE
CONTENT OF CONCENTRATED SLUDGE,
CENTRIFUGAL FORCE, AND
CONCENTRATED SLUDGE CONVEY
TORQUE

TECHNICAL FIELD

The present invention relates to a sludge processing system
including a centrifugal separator which concentrates the
sludge and a furnace which heat-treats the concentrated
sludge, in particular to a technique for performing an auto-
matic control on the centrifugal separator in accordance with
a heat-treatment state of the concentrated sludge.

BACKGROUND ART

The sludge resulted from any water processing for, for
example, water supply and sewerage, industrial wastewater,
human waste and the like is subjected to a thermal disposal
within an incinerator. The sludge is preferably incinerated
after a concentration processing for reducing a moisture con-
tent of the sludge. A known sludge concentration apparatus
(including a case of using dehydration) includes a centrifugal
separator which is also referred to as a decanter (for example,
see Patent Literatures 1 and 2).

FIG. 12 shows a schematic configuration of a horizontal
decanter (for example, see Patent Literatures 3, 4 and 5). As
shown in FIG. 12, the horizontal decanter, which is generally
designated as 100, is configured so that a bowl 101 rotatable
about a horizontal shaft and a screw conveyor 102 disposed in
the bowl 101 so as to coaxially rotate about the horizontal
shaft of the bowl 101 are housed within a casing 103.

The bowl 101 has a conical-shaped portion at one end, and
applies a centrifugal force to the sludge which is a subject to
be processed. The conical-shaped portion acts as a beach
portion on which the concentrated sludge conveyed by the
screw conveyor 102 is separated from a liquid pool. The
exhaust port 104 for the concentrated sludge is formed on a tip
of'the conical-shaped portion. A trunk of the bowl 101 acts as
the liquid pool (pool portion) for the being processed sludge.
The exhaust port 105 for the separated liquid is formed on the
opposed end of the exhaust port 104. The spiral screw vane
102a and an outlet 1025 for feeding the sludge (feed sludge)
into the bowl 101 are formed on the trunk of the screw con-
veyor 102.

In such configuration, when the sludge (feed sludge) is fed
continuously into the rotating bowl 101, in the pool portion of
the bowl 101, the solid contained in the sludge settles to a
peripheral wall surface of the bowl 101 due to the centrifugal
force. Accordingly, the screw conveyor 102 rotates at a dif-
ferential speed relative to a rotation speed of the bowl 101 via
a gear box 106, thereby conveying the concentrated sludge
within the bowl 101 forward the beach portion. At the beach
portion, the concentrated sludge is separated from the liquid
pool and exhausted from the exhaust port 104 for the concen-
trated sludge. On the other hand, the separated liquid is over-
flown and exhausted from the exhaust port 105.

The bowl 101 is rotated by a main drive motor 107. The
main drive motor 107 controls a rotation speed (N) of the
bowl 101 though an inverter control. The screw conveyor 102
is configured so that the gear box 106 and a drive motor (back
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drive motor) 108 control the rotation speed to rotate as the
differential speed (AN) relative to the rotation speed of the
bowl 101.

In general, the decanter 100 performs a variable control on
a convey torque of the screw conveyor 102 and/or the differ-
ential speed (AN) so that the moisture content of the concen-
trated sludge satisfies a predetermined target value. However,
if the energy saving, the reduction of CO, emissions or the
like should be promoted to realize more effective operation of
the entire sludge processing system, it is not preferable to
control the decanter 100 only by a single control loop. It is
desired to perform the optimal operation of the decanter 100
in accordance with the operating condition of the incinerator,
but there is no fact that such a control means has been imple-
mented.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent [.aid-Open No. 2009-
214088

Patent Literature 2: Japanese Patent L.aid-Open No. 2002-
273495

Patent Literature 3: Japanese Patent [.aid-Open No. 2011-
230040

Patent Literature 4: Japanese Patent Laid-Open No.
H4-171066

Patent Literature 5: Japanese Patent Laid-Open No.
H6-320200

SUMMARY OF INVENTION
Problems to be Solved by the Invention

The present invention is made to solve the problems
described simply as examples, the object of the invention is to
provide a sludge processing system includes a centrifugal
separator which concentrates the sludge and a furnace which
heat-treats the concentrated sludge, and allows the automatic
control in which the operational condition of the centrifugal
separator is set to the optimal condition in accordance with
the operational state of the furnace.

Means for Solving the Problems

(1). A sludge processing system comprising:

a centrifugal separator which concentrates the sludge,

a furnace which heat-treats the concentrated sludge, and

an automatic control device which receives, from the fur-
nace, the information regarding a heat-treatment state of the
concentrated sludge and, controls the centrifugal separator
based on the received information,

wherein the centrifugal separator includes a bowl by which
centrifugal force is applied to the sludge so as to separate the
sludge into the concentrated sludge and the separated liquid,
a screw conveyor to convey the concentrated sludge con-
tained in the bowl to an exhaust port, a drive motor to rotate
the bowl, a differential speed generator to cause the screw
conveyor to rotate at a differential speed relative to the bowl,

wherein the information received from the furnace to the
automatic control device include a moisture content change
request regarding the concentrated sludge, and

wherein, in response to the moisture content change
request, the automatic control device controls as follow (a) to

(c):
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(a) the automatic control device previously stores the infor-
mation indicative of a correlation relationship between a
moisture content of the concentrated sludge and the centrifu-
gal force and a concentrated sludge convey torque, sets a
variable range of a differential speed between the bowl and
the screw conveyor, and performs a variable control of the
differential speed so that the concentrated sludge convey
torque of the screw conveyor achieves a torque corresponding
to a moisture content requested by the furnace within the
variable range,

(b) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed varies within a certain range being previously set and
the concentrated sludge convey torque of the screw conveyor
maintains the torque corresponding to the moisture content
requested by the furnace for a certain period of time being
previously set, a control value of the centrifugal force is
decreased as well as the concentrated sludge convey torque
achieves a torque corresponding to the moisture content
requested by the furnace in the centrifugal force being set to
the new control value, and

(c) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed remains at a minimum value within the variable range
and the concentrated sludge convey torque of the screw con-
veyor is lower than the torque corresponding to the moisture
content requested by the furnace, the control value of the
centrifugal force is increased as well as the concentrated
sludge convey torque achieves a torque corresponding to the
moisture content requested by the furnace in the centrifugal
force being set to the new control value.

(2). The automatic control device further stores the infor-
mation for correcting the correlation relationship
between the moisture content of the concentrated sludge
and the concentrated sludge convey torque in accor-
dance with a variation of a concentration of the sludge to
be fed into the centrifugal separator, and the automatic
control device corrects the torque corresponding to the
moisture content requested by the furnace, using the
information for correcting.

(3). The automatic control device further performs a con-
trol to adjust feed flow rate of the sludge in accordance
with a variation of a concentration of the sludge to be fed
into the centrifugal separator so that a solid processing
amount of the centrifugal separator is constant.

(4). The automatic control device further performs a con-
trol to adjust a chemical feed ratio so as to achieve the
moisture content requested by the furnace.

(5). The centrifugal separator further includes a variable
dam mechanism for adjusting a exhaust level of the
separated liquid of the bowl, and

the automatic control device further performs a control to
adjust the exhaust level of the separated liquid of the bowl so
as to achieve the moisture content requested by the furnace.

(6). The furnace send the moisture content change request
regarding the concentrated sludge to the automatic con-
trol device based on one or more of power consump-
tions, CO, emissions and running costs for both of the
centrifugal separator and the furnace.

(7). A sludge processing system comprising:

a centrifugal separator which concentrates the sludge,

a furnace which heat-treats the concentrated sludge, and

an automatic control device which receives, from the fur-
nace, the information regarding a heat-treatment state of the
concentrated sludge and, controls the centrifugal separator
based on the received information,
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wherein the centrifugal separator includes a bowl by which
centrifugal force is applied to the sludge so as to separate the
sludge into the concentrated sludge and the separated liquid,
a screw conveyor to convey the concentrated sludge con-
tained in the bowl to an exhaust port, a drive motor to rotate
the bowl, a differential speed generator to cause the screw
conveyor to rotate at a differential speed relative to the bowl,

wherein the information received from the furnace to the
automatic control device include a moisture content of the
concentrated sludge fed into the furnace and, VTS/TS (Vola-
tile Total Solids/Total Solids) or the information required to
compute the VTS/TS of the concentration sludge, the auto-
matic control device determines either a current target value
of'the moisture content is maintained or a new target value is
set based on VTS/TS of the concentrated sludge and controls
as follow (a) to (c):

(a) the automatic control device previously stores the infor-
mation indicative of a correlation relationship between a
moisture content of the concentrated sludge and the centrifu-
gal force and a concentrated sludge convey torque, sets a
variable range of a differential speed between the bowl and
the screw conveyor, operates the centrifugal force determined
based on the VTS/TS, and performs a variable control of the
differential speed so that the concentrated sludge convey
torque of the screw conveyor achieves a torque corresponding
to the target moisture content within the variable range,

(b) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed varies within a certain range being previously set and
the concentrated sludge convey torque of the screw conveyor
maintains the torque corresponding to the target moisture
content for a certain period of time being previously set, a
control value of the centrifugal force is decreased as well as
the concentrated sludge convey torque achieves a torque cor-
responding to the target moisture content in the centrifugal
force being set to the new control value, and

(c) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed remains at a minimum value within the variable range
and the concentrated sludge convey torque of the screw con-
veyor is lower than the torque corresponding to the target
moisture content, the control value of the centrifugal force is
increased as well as the concentrated sludge convey torque
achieves a torque corresponding to the target moisture con-
tent in the centrifugal force being set to the new control value.

(8). The automatic control device further stores the infor-
mation for correcting the correlation relationship
between the moisture content of the concentrated sludge
and the concentrated sludge convey torque in accor-
dance with a variation of a concentration of the sludge to
be fed into the centrifugal separator, and the automatic
control device corrects the torque corresponding to the
target moisture content, using the information for cor-
recting.

(9). The automatic control device further performs a con-
trol to adjust feed flow rate of the sludge in accordance
with a variation of a concentration of the sludge to be fed
into the centrifugal separator so that a solid processing
amount of the centrifugal separator is constant.

(10). The automatic control device further previously
stores the information indicative of a correlation rela-
tionship between a moisture content of the concentrated
sludge and the centrifugal force of the bowl using the
VTS/TS as a parameter, and
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the automatic control device sets a control value of the
centrifugal force ofthe bowl based on an optimum centrifugal
force corresponding to both of the VIS/TS and the target
moisture content.

(11). The automatic control device further stores the infor-
mation indicative of a correlation relationship between a
moisture content of the concentrated sludge, and

the concentrated sludge convey torque using the VIS/TS
as a parameter, and the automatic control device corrects the
torque corresponding to the target moisture content, using the
information of the correlation.

(12). The automatic control device further previously
stores the information indicative of a correlation rela-
tionship between the VT'S/TS and a self-sustaining com-
bustion moisture content, and

the automatic control device computes the self-sustaining
combustion moisture content based on the VIS/TS, and sets
the computed self-sustaining combustion moisture content to
a new target moisture content of the concentrated sludge.

(13). The required information to compute the VIS/TS of
the concentrated sludge comprises the information
about each of a used amount of a firework fuel, an
amount of a feed sludge to the furnace, and a moisture
content of the concentrated sludge fed into the furnace.

(14). The automatic control device further previously
stores information indicative of a correlation relation-
ship between the VTS/TS and a chemical feed ratio, and

the automatic control device performs a control to adjust an
amount of the chemical to be added by setting an optimum
chemical feed ratio corresponding to the VI'S/TS which is the
received information from the furnace or the computed VTS/
TS to a control value.

(15). The centrifugal separator further includes a variable
dam mechanism for adjusting a exhaust level of the
separated liquid of the bowl, and

the automatic control device further performs a control to
adjust the exhaust level of the separated liquid of the bowl so
as to achieve the target moisture content.

(16). A storage medium storing a program for controlling
an operation of a sludge processing system, the sludge
processing system comprising:

a centrifugal separator which concentrates the sludge,

a furnace which heat-treats the concentrated sludge, and

an automatic control device which receives, from the fur-
nace, the information regarding a heat-treatment state of the
concentrated sludge and, controls the centrifugal separator
based on the received information,

wherein the centrifugal separator includes a bowl by which
centrifugal force is applied to the sludge so as to separate the
sludge into the concentrated sludge and the separated liquid,
a screw conveyor to convey the concentrated sludge con-
tained in the bowl to an exhaust port, a drive motor to rotate
the bowl, a differential speed generator to cause the screw
conveyor to rotate at a differential speed relative to the bowl,

wherein the information received from the furnace to the
automatic control device include a moisture content change
request regarding the concentrated sludge, and

wherein, in response to the moisture content change
request, the program for controlling the operation of the
sludge processing system causes the automatic control device
to perform as follow (a) to (¢):

(a) the automatic control device previously stores the infor-
mation indicative of a correlation relationship between a
moisture content of the concentrated sludge and the centrifu-
gal force and a concentrated sludge convey torque, sets a
variable range of a differential speed between the bowl and
the screw conveyor, and performs a variable control of the
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differential speed so that the concentrated sludge convey
torque of the screw conveyor achieves a torque corresponding
to a moisture content requested by the furnace within the
variable range,

(b) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed varies within a certain range being previously set and
the concentrated sludge convey torque of the screw conveyor
maintains the torque corresponding to the moisture content
requested by the furnace for a certain period of time being
previously set, a control value of the centrifugal force is
decreased as well as the concentrated sludge convey torque
achieves a torque corresponding to the moisture content
requested by the furnace in the centrifugal force being set to
the new control value, and

(c) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed remains at a minimum value within the variable range
and the concentrated sludge convey torque of the screw con-
veyor is lower than the torque corresponding to the moisture
content requested by the furnace, the control value of the
centrifugal force is increased as well as the concentrated
sludge convey torque achieves a torque corresponding to the
moisture content requested by the furnace in the centrifugal
force being set to the new control value.

Advantageous Effects of Invention

According to the present invention of the sludge processing
system which includes the centrifugal separator and the fur-
nace, wherein the control device receives, from the furnace,
the information regarding the heat-treatment state of the con-
centrated sludge and adjusts one or more control values
selected from the centrifugal force applied to the sludge by
the bowl of the centrifugal separator, the concentrated sludge
convey torque of the screw conveyor, the differential speed
between the bowl and the screw conveyor, and the chemical
feed ratio. This allows the automatic control in which the
operational condition of the centrifugal separator is set to the
optimal condition in accordance with the operational state of
the furnace. As aresult, the energy saving of the entire system,
the reduction of CO, emissions of the entire system, and the
reduction of running costs of the entire system can be pro-
moted.

Further, according to the present invention of the sludge
processing system which includes the centrifugal separator
and the furnace, when the control device receives, from the
furnace, the information regarding the heat-treatment state of
the concentrated sludge and performs the constant torque
control on the centrifugal separator, by correcting the set
torque through both the “centrifugal force” and the “feed
sludge concentration”, both of which may affect the correla-
tion relationship between the moisture content and the torque,
the set torque accurately corresponding to the target moisture
content can be achieve. In addition, by adjusting feed flow
rate of the sludge in accordance with a variation of'a concen-
tration of the sludge to be fed into the centrifugal separator so
that a solid processing amount of the centrifugal separator is
constant, the effect of the variation of the feed sludge con-
centration on the constant torque control can be suppressed.
That is, since the effect of the variation of the feed sludge
concentration on the constant torque control can be sup-
pressed, the automatic control of the operational condition of
the centrifugal separator to be the optimal condition which
compiles to the operation state of the furnace can be achieved.
As a result, the energy saving of the entire system, the reduc-
tion of CO, emissions of the entire system, and the reduction
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of running costs of the entire system can be promoted. In
addition, when the information regarding VTS/TS may be
obtained from the incinerator, the correlation relationship
between the moisture content and the concentrated sludge
convey torque is corrected also through the VTS/TS. This can
cause the automatic control to be the optimized.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 shows an entire configuration of the sludge process-
ing system according to an embodiment of the present inven-
tion,

FIG. 2 shows an entire configuration of the decanter
according to an embodiment of the present invention,

FIG. 3 shows the control device of the sludge processing
system,

FIG. 4 explains the automatic control based on the result of
the measured moisture content,

FIG. 5 explains the automatic control based on the result of
the measured torque,

FIG. 6 explains the automatic control based on the varia-
tion of the concentration of feed sludge,

FIG. 7 is a characteristic diagram showing the correlation
between firework fuel amount and incineration amount and
between VIS/TS,

FIG. 8 explains the automatic control based on VTS/TS,

FIG. 9 is a characteristic diagram showing the correlation
implementing adjust of set torque based on VIS/TS,

FIG. 10 is a characteristic diagram showing the correlation
between VTS/TS and the self-sustaining combustion mois-
ture content,

FIG. 11 is a characteristic diagram showing the correlation
between VTS/TS and the appropriate chemicals feeding rate,

FIG. 12 shows a schematic configuration of decanter.

MODES FOR CARRYING OUT THE INVENTION

Now, a sludge processing system according to a preferred
embodiment of the present invention will be described with
reference to the attached drawings. It should be noted, how-
ever, that the technical scope of this invention should not be
interpreted without any limitation through the embodiment
described below.

FIG. 1 is a schematic view illustrating an entire configura-
tion of the sludge processing system 200 comprising a cen-
trifugal separator which concentrates the sludge and a furnace
which performs a heat treatment on the concentrated sludge.
In the following description, a configuration in which an
incinerator is used as a furnace for the heat treatment on the
concentrated sludge will be described as an example. How-
ever, the furnace should not be limited to the incinerator, and
may be a carbonization furnace for carbonizing the sludge, a
drying furnace for drying the sludge, a melting furnace, and
the like.

FIG. 1 is a schematic view illustrating the entire configu-
ration of the sludge processing system 200. The sludge pro-
cessing system 200 is roughly classified into a concentration
part for performing a concentration treatment on the sludge
and an incineration part for incinerating the concentrated
sludge (also referred to as the “thickened sludge™). The con-
centration part comprises a decanter 1 which is a preferable
example of the centrifugal separator. The sludge which is a
subject to be processed is fed into the decanter 1 by a sludge
pump for example (not shown), and the concentrated sludge is
exhausted to the outside of the decanter 1. In order to improve
the concentration efficiency, any chemical such as a floccu-
lant agent may be added using a chemical feed pump 201. For
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example, a polymeric flocculant agent, an inorganic floccu-
lant agent such as Poly-ferric sulfate etc. may be used as the
flocculant agent. The concentrated sludge exhausted to the
outside of the decanter 1 may be conveyed to an incinerator
202 within the incineration part using a conveying means for
example a pump etc., or otherwise may be conveyed to the
incinerator 202 in a conveying manner utilizing the own
weight of the concentrated sludge as above disclosed in
Patent Literature 1. It should be noted that in some docu-
ments, the “concentration treatment” and a “dehydration
treatment” are discriminated from each other based on the
moisture content of the sludge after the treatment, but they are
not discriminated herein and the “dehydration treatment” is
defined as one aspect of the “concentration treatment”.

The incineration part comprises the incinerator 202 which
incinerates the concentrated sludge and a firework fuel feed
means 203 which feeds any firework fuel into the incinerator
202 for promoting the combustion. The incineration part fur-
ther comprises a heat recovery means which recovers the heat
from the hot combustion gas exhausted from the incinerator
202. For example, as the heat recovery means, a heat
exchanger 204 which exchanges the heat between the com-
bustion gas and a heat recovery medium (for example, water)
may be employed. The exhaust gas from which the heat is
recovered is subjected to a detoxification treatment in a dust
collector 205, a flue-gas treatment unit 206 and the like, and
thereafter, emitted through a smokestack 207 to the atmo-
sphere. It should be noted that the incinerator 202 does not
require any special configuration as long as the concentrated
sludge can be combusted and any known incinerator can be
used. In general, the incinerator 202 is controlled to change an
amount of the firework fuel to be added in accordance with the
combustion state within the incinerator 202 in order to main-
tain the stable combustion state.

Referring to FIG. 2, a preferable configuration of the
decanter 1 will be described hereinafter. The decanter 1 com-
prises a casing 2 having a concentrated sludge outlet 21 and a
separated liquid outlet 22 formed on the lower part thereof, a
bowl 3 which is a rotatable cylindrical body disposed within
the casing 2, and a screw conveyor 4 which is a conveying
means for the concentrated sludge to which a centrifugal
force is applied within the bowl 3. The bowl1 3 is supported by
a bearing mechanism 23, for example, such as a bearing
mounted on the casing 2, while the screw conveyor 4 is
supported by a conveyer bearing (not shown). The bowl 3 and
the screw conveyor 4 are configured to be rotatable about the
horizontal axis coaxially; but independently from each other.

In this configuration, the power from a drive motor 24 as a
drive mechanism is transmitted to a pulley 245 on the bowl 3
side via a rotating belt 24a, causing the bowl 3 to rotate at a
predetermined rotation speed. Then, the power is further
transmitted to the screw conveyor 4 via a gear box 25 which
acts as a differential speed generator and a spline shaft 26,
causing the bowl 3 and the screw conveyor 4 to rotate respec-
tively at the relative differential speed.

A drive motor referred to as the back drive motor 27 is
connected to the gear box 25 via a rotating belt 27a and a
pulley 275. The back drive motor 27 acts to reduce the rota-
tion speed of the screw conveyor 4 lower than that of the bowl
3 by the torque of the rotating belt 27a rotating about a
rotating shaft of the motor 27. The regenerative electric power
which is generated by regenerative-braking the motor 27 is
supplied to the drive motor 24, thereby the power consump-
tion of the entire system can be reduced. However, in the case
that the differential speed is generated only by the gear ratio
of the gear box 25, the back drive motor 27 is not required.
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The decanter 1 further comprises a feed nozzle 5 to feed the
sludge which is a subject to be processed (feed sludge) and
any flocculant agents into the bowl 3. The feed nozzle 5 has
for example a double-tube configuration and the feed sludge
is fed to the inner flow path and the flocculant agent is fed to
the outer flow path. The feed sludge is resulted from any water
processing for, for example, water supply and sewerage,
industrial wastewater, human waste and the like, and has the
moisture content (sludge moisture) of approximately
95-99.5%. As the flocculant agent, a polymeric flocculant
agent, an inorganic flocculant agent such as Poly-ferric sul-
fate etc. may be used, for example.

A trunk of the bowl 3 has a conical-shaped portion 31
formed on one end and a cylindrical portion 32 formed on the
other end. An opening formed on the end of the cylindrical
portion 32 is sealed by the circular plane referred to as the
front hub 33. The front hub 33 and the cylindrical portion 32
form together a pool portion (liquid pool) in which the sludge
is retained within the bowl 3. An exhaust port 34 for the
separated liquid is formed on the front hub 33. Once the
sludge is continuously fed into the bowl 3, the separated
liquid is overflown from the exhaust port 34. A variable dam
mechanism which variably controls an exhaust level height of
the separated liquid may be disposed on the exhaust port 34.

On the other hand, a conical-shaped portion 31 of the bowl
3 acts as the beach portion on which the concentrated sludge
conveyed by the screw conveyor 4 is separated from the liquid
pool. An exhaust port 35 for the concentrated sludge is
formed on a tip of the beach portion. However, the present
embodiment may be used in the case that the bowl 3 has only
the cylindrical portion 32 and does not have the conical-
shaped portion 31.

A screw vane 41 which conveys and squeezes the sludge
within the bowl] 3 is formed spirally on the peripheral surface
of a trunk portion 42 of the screw conveyor 4. The trunk
portion 42 of the screw conveyor 4 has a cavity (i.e. buffer
portion of the sludge, not shown) therein and a tip of the feed
nozzle 5 extends into the buffer portion. When the sludge
from the feed nozzle 5 is fed into the buffer portion, then the
sludge is fed into the bowl 3 via the outlet passing through
from the buffer portion to the peripheral surface of the trunk
portion 42 and a short cone 43 formed in the vicinity of the
center of the trunk portion 42 by the act of the centrifugal
force. The flocculant agent also is fed into the short cone 43
via a different path from the sludge and mixed with the sludge
within the short cone 43, thereafter the mixture is fed into the
bowl 3. It should be noted that a long cone may be employed
instead of the short cone, and the decanter 1 with no cone is
possible.

The decanter 1 has a speed meter to measure the rotation
speed of the bowl 3. The speed meter may employ a non-
contact type rotation sensor as an example. The centrifugal
force (G) applied to the sludge by the rotating bowl 3 can be
computed by the equation: centrifugal force (G)=rxn*/g=(rx
N?)/894, wherein “N” denotes the rotation speed of the bowl
3 and “r” denotes a distance from the rotation shaft in a radial
direction (i.e., the inner radial of the bowl). Since the inner
radial (r) of the bowl 3 is determined by the design specifica-
tion, the corresponding relationship between the centrifugal
force (G) and the rotation speed (N) can be previously
obtained using the above equation. In the present embodi-
ment, the set value of the centrifugal force (G) is determined
in performing the centrifugal separation, and the rotation
speed (N) corresponding to the determined centrifugal force
(G) is set to the set value as its control value. Thereafter,
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referring to the measured value of the speed meter, the drive
motor 24 is inverter-controlled so that the bowl 3 rotates at the
determined set value.

The decanter 1 also has a torque meter to measure the
convey torque of the screw conveyor 4. The torque meter may
employ a monitor output of the inverter torque as an example.
The convey torque (i.e. concentrated sludge convey torque) of
the screw conveyor 4 varies depending on the concentration
state of the sludge within the bowl 3. In particular, when the
sludge is concentrated too much, because the moisture con-
tent of the sludge within the bowl 3 is lower, the convey torque
of'the screw conveyor 4 becomes larger. In contrast, when the
sludge is concentrated insufficiently, because the moisture
content of the sludge within the bowl 3 is higher, the convey
torque of the screw conveyor 4 becomes lower.

The concentration of the sludge fed into the decanter 1
(hereinafter, referred to as a feed sludge concentration) is
measured continuously by the concentration meter 208 (see,
FIG. 1). The feed sludge concentration indicates a concentra-
tion of the solid contained in the feed sludge. The feed sludge
concentration falls in approximately 0.5-5 mass %. The con-
centration meter 208 may be disposed, for example, in such as
the plumbing of the sludge connected to the feed nozzle 5, or
in such as a sampling chamber for the sludge. A type of the
concentration meter is not limited specifically and an ultra-
sonic concentration meter, a microwave concentration meter,
or a laser concentration meter may be employed as an
example.

Further, a mass flowmeter or a volume flowmeter is dis-
posed in such as the plumbing of the sludge connected to the
feed nozzle 5 and the flow rate of the sludge fed into the
decanter 1 is continuously measured. A type of the flowmeter
is not limited specifically and an electromagnetic flowmeter,
arestriction flowmeter, or a weir flowmeter may be employed
as an example. The flow rate of the sludge fed into the
decanter 1 may be determined based on a daily sludge pro-
cessing plan, for example. The flow rate of the sludge is
adjusted for example by adjusting the opening position of the
valve disposed in the plumbing of the sludge, or by inverter-
controlling a rotating speed of a feed pump for the sludge.

As shown in FIG. 3, the sludge processing system 200
further comprises a control device 6 which is an automatic
control device to control the decanter 1 and the incinerator
202 to operate optimally. The control device 6 receives, from
the incinerator 202, the information regarding the combustion
state of the concentrated sludge, which indicates the heat-
treatment state of the concentrated sludge, and adjusts one or
more control values selected from the centrifugal force (G)
applied to the sludge by the bowl 3, the convey torque of the
screw conveyor 4, the differential speed between the bowl 3
and the screw conveyor 4, and the chemical feed ratio. These
control values may be set within the range between an upper
limit value and a lower limit value. Such range involves an
optimal value and the optimal value may be the upper limit
value or the lower limit value. The control device 6 may
comprise a computer apparatus including, for example, a
CPU and a storage medium such as a memory or the like. The
control device 6 stores any sequence program to perform an
automatic control described hereinafter in its storage medium
such as a memory or the like. The control device 6 also stores
another sequence program to automatically control the entire
operation of the decanter 1 in the storage medium such as a
memory or the like.

[Control in Response to Moisture Content Change Request]

The information regarding the combustion state of the con-
centrated sludge may include the information regarding the
moisture content of the concentrated sludge being fed into the
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incinerator 202 and the information about the moisture con-
tent requested by the incinerator 202. The information about
the moisture content. requested by the incinerator 202 may be
a desired value of the moisture content, or a simple request to
increase (or decrease) the moisture content. Once receiving
any moisture content change request from the incinerator
202, the control device 6 adjusts one or more control values
selected from the centrifugal force (G) applied to the sludge
by the bowl 3, the convey torque of the screw conveyor 4, the
differential speed between the bowl 3 and the screw conveyor
4, and the chemical feed ratio so as to obtain the concentrated
sludge at the moisture content required by the incinerator 202
(target moisture content). If the information from the incin-
erator 202 is the simple request to increase (or decrease) the
moisture content, the control device 6 sets the target moisture
content with an increment (or a decrement) of a predeter-
mined value (e.g., 1%), and adjusts the control value to
achieve the target moisture content, thereby a feedback con-
trol is performed in which the subsequent request from the
incinerator 202 is waited.

Ifthe moisture content of the concentrated sludge being fed
into the incinerator 202 is too low, the calorific power within
the incinerator 202 is increased and the cooling load becomes
higher. In some applications, the calorific power may be
additionally utilized as the energy for power generation. In
contrast, in the moisture content is too high, the combustion
of the sludge is not completed and a great amount of the
firework fuel is required. Therefore, based on whether or not
the combustion state within the incinerator is good, the mois-
ture content change request is sent to the decanter 1. An
appropriate value of the moisture content is determined in
accordance with the type of the furnace itself or the design
specification. It should be noted that, in order to realize higher
efficiency, the mode of operation of the sludge processing
system 202 preferably involves the mode of operation to
promote the energy saving (electric power saving), the mode
of operation to promote the reduction of CO, emissions and
the mode of operation to promote the reduction of running
costs of the entire sludge processing system, and the moisture
content change request should be performed based on which
mode of operation is selected.

In the mode of operation to promote the energy saving
(electric power saving), the target value for the total power
consumption of the decanter 1 and the incinerator 202 is set,
and each of the operational conditions of the decanter 1 and
the incinerator 202 is controlled so that the set target value is
achieved. As an example of the control, the target value of the
moisture content is increased, thereby the power consump-
tion of the decanter 1 is decreased.

In the mode of operation to promote the reduction of CO,
emissions, an optimal point of the target value of CO, emis-
sions is set using the following equation, and each of the
operational conditions of the decanter 1 and the incinerator
202 is controlled so that the set target value is achieved.

CO, Emissions=[Total Power Consumption of
Decanter and IncineratorxElectric Power CO,
Basic Unit]+[Flocculant Agent used Amountx
Flocculant Agent CO, Basic Unit]+[Firework
Fuel used AmountxFirework Fuel CO, Basic
Unit.]

In the mode of operation to promote the reduction of run-
ning costs of the entire sludge processing system, an optimal
point of the target value of the running costs is set using the
following equation, and each of the operational conditions of
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the decanter 1 and the incinerator 202 is controlled so that the
set target value is achieved.

Running Costs=[Total Power Consumption of
Decanter and IncineratorxElectric Power Unit
Cost]+[Flocculant Agent used AmountxFloccu-
lant Agent Unit Cost]+[Firework Fuel used
AmountxFirework Fuel Unit Cost]

[Control by Moisture Content Meter|

In a method of controlling so as to obtain the concentrated
sludge at the target moisture content, the moisture content of
the concentrated sludge exhausted from the decanter 1 is
measured, for example, by a moisture content meter, and one
or more control values selected from the centrifugal force (G)
applied to the sludge by the bowl 3, the convey torque of the
screw conveyor 4, the differential speed between the bowl 3
and the screw conveyor 4, and the chemical feed ratio is
subjected to a variable control so that the measured result
achieves the target moisture content.

The lower centrifugal force (G) is preferably selected,
because the target moisture content achieved with the low
centrifugal force (G) results the more efficient energy saving
(electric power saving). Then, as schematically shown in FIG.
4(a), the variable range (e.g., 1-8 min~") of the differential
speed is previously set, and change the differential speed
within the variable range so as to obtain the concentrated
sludge of the target moisture content. In particular, there is a
correlation relationship between the centrifugal force (G) and
the convey torque and the moisture content as schematically
shown in FIGS. 4(b) and 4(¢). This correlation relationship
can be obtained through a plant test. The information about
the obtained correlation relationship is preferably stored pre-
viously in the memory of the control device 6. The control
device 6 performs a constant moisture content control (or
otherwise, a constant torque control). The constant moisture
content control may be performed in conjunction with the
constant torque control described hereinafter.

In a preferable example, when the system is operated with
the target moisture content of 78% and the centrifugal force
(G) of 2000 G for example, if the differential speed is changed
within the predetermined range (e.g., 5-8 min™') and the
control is performed to achieve the target moisture content
(or, the moisture target within the target range) for a certain
period of time (e.g., 1 hour), the control device 6 determines
that the centrifugal force (G) can be decreased. Accordingly
the centrifugal force (G) is decreased to 1900 G for example
and the differential speed is subjected to the variable control
s0 as to achieve the target moisture content at the centrifugal
force (G) of 1900 G.

Furthermore, when the system is operated with the cen-
trifugal force (G) of 1900 G, if the differential speed is
changed within the predetermined range (e.g., 3-6 min~") and
the control is performed to achieve the target moisture content
(or, the moisture content within the target range) for a certain
period of time (e.g., 1 hour), the control device 6 determines
that the centrifugal force (G) can be more decreased. Accord-
ingly, the centrifugal force (G) is decreased to 1800 G for
example and the differential speed is subjected to the variable
control so as to achieve the target moisture content at the
centrifugal force (G) of 1800 G. If the differential speed is
changed within the predetermined range (e.g., 1-3 min™") at
the centrifugal force of 1800 G, the control device 6 keeps
operating under the current controlling condition. However, if
the differential speed remains at the minimum value (e.g., 1
min~') within the variable range and the moisture content is
higher than the target moisture content, the control device 6
controls so that the centrifugal force (G) is increased. In this
manner, the control device 6 repeats the control to gradually
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decrease the centrifugal force (G) so as to obtain the concen-
trated sludge with the target moisture content at the lower
centrifugal force (G) possible within the set differential
speed.

[Control through a Set Torque]

In the other control method to obtain the concentrated
sludge with the target moisture content, instead of measuring
the moisture content, the convey torque (detected value) mea-
sured by the torque meter may be used. This method is effec-
tive in case that the accuracy of the moisture content meter is
not enough. In particular, since there is a correlation relation-
ship between the centrifugal force (G) and the convey torque
and the moisture content as schematically shown in FIGS.
5(b) and 5(c), the moisture content can be estimated based on
the detected value ofthe convey torque. Therefore, the convey
torque corresponding to the target moisture content is
obtained based on the correlation relationship, and the control
value of the convey torque is set. Then, as schematically
shown in FIG. 5(a), the differential speed is subjected to the
variable control so that the convey torque (detected value)
measured by the torque meter achieves the set torque in accor-
dance with the set value of the centrifugal force (G). That is,
the variable range (between the maximum value and the mini-
mum value) of the differential speed is predetermined, and
even if the set value of the centrifugal force (G) is set differ-
ently (for example, to 2000 G, 1800 G or the like), the control
is performed so that the differential speed is changed within
this variable range, and the set torque is achieve. The set
torque may be controlled to achieve the optimal value, or be
variably controlled so as to fall between the predetermined
upper limit value and the predetermined lower limit value.
Since the convey torque value corresponding to the target
moisture content depends on the degree of the centrifugal
force (G), the set torque should be the convey torque which
complies with the control value of the centrifugal force (G).

In a preferred example, when the system is operated with
the centrifugal force (G) of 2000 G, if the differential speed is
changed within the predetermined range (e.g., 5-8 min~") and
the control is performed to achieve the to achieve the set
torque (or, the torque within the target range) corresponding
to the target moisture content (e.g., 78%) for a certain period
of'time (e.g., 1 hour), the control device 6 determines that the
centrifugal force (G) can be decreased. Accordingly, the cen-
trifugal force (G) is decreased to 1900 G for example. How-
ever, since the change of the centrifugal force (G) leads to the
vary of the torque corresponding to the target moisture con-
tent even if the moisture content is constant, the set torque is
changed to the torque (torque B) corresponding to the target
moisture content at the centrifugal force of 1900 G, for
example, by use of the correlation relationship shown in FIG.
5(c). Then, the differential speed is subjected to the variable
control so as to achieve the set torque (torque B) at the
centrifugal force (G) of 1900 G. It should be noted that. FIG.
5 illustrates the correlation relationship when the feed sludge
concentration is at 1.5 mass % as an example.

Furthermore, when the system is operated with the cen-
trifugal force (G) at 1900 G, if the differential speed is
changed within the predetermined range (e.g., 3-6 min™") and
the control is performed to achieve the set torque (or, the
torque within the target range) for a certain period of time
(e.g., 1 hour), the control device 6 determines that the cen-
trifugal force (G) can be more decrease. Accordingly, the
centrifugal force (G) is decreased to 1800 G, for example, as
well as the set torque is changed to the torque (torque C)
corresponding to the target moisture content at the centrifugal
force of 1800 G, and the differential speed is subjected to the
variable control so as to achieve the set torque (torque C) at
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the centrifugal force (G) of 1800 G. If the differential speed is
changed within the predetermined range (e.g., 1-3 min™") at
the centrifugal force of 1800 G, the control device 6 keeps
operating under the current controlling condition. However, if
the differential speed is at the minimum value (e.g., 1 min~")
of'the variable range and the measured torque is less than the
set torque, the control device 6 controls so that the centrifugal
force (G) is increased (at the centrifugal force of 1900 G,
Torque B). In this manner, the control device 6 performs the
control repeatedly so that, decreasing the centrifugal force
(G) and modifying the set torque if the differential speed is
larger within the variable range, and increasing the centrifu-
gal force (G) if the differential speed is minimum value of the
variable range and less than the set torque. Also, when the
centrifugal force (G)is increased, the set torque is modified to
achieve the torque corresponding to the target moisture con-
tent at the increased centrifugal force (G).

[Correction of Set Torque Based on Feed Sludge Concentra-
tion]

The basic operation for the constant torque control with the
variable centrifugal force (G) is described above. This new
constant torque control may be also performed in which the
target moisture content is achieved with the minimum
required centrifugal force through the variable control of the
centrifugal force. In this new constant torque control, the
control value of the torque would be also changed in accor-
dance with the control value of the centrifugal force, in con-
sideration that the changing of the centrifugal force leads to
the varying of the torque even when the moisture content is
constant. That is, correcting the correlation relationship
between the moisture content and the torque based on the
degree of the centrifugal force contributes to operating the
entire sludge processing system efficiently.

However, in the actual operation, the correlation relation-
ship between the moisture content and the torque is affected
not only by the centrifugal force, but also by the concentration
of the sludge to be fed into the decanter 100 (feed sludge
concentration). Therefore, the moisture content of the con-
centrated sludge may deviate from the target value, when the
feed sludge concentration is varied. The feed sludge concen-
tration is varied depending on a treatment state of the process
on the upstream from the decanter 100. If the variation of the
feed sludge concentration is too large, it may be concerned
that the constant torque control becomes ineligible by the
negative effect due to the variation of the feed sludge concen-
tration.

That is to say, since varying the feed sludge concentration
causes varying the solid convey amount within the bowl 3, the
higher feed sludge concentration causes the higher moisture
content at the same torque value. In contrast, the lower feed
sludge concentration causes the lower moisture content at the
same torque value. Therefore, the correlation relationship
between the moisture content and the torque using the feed
sludge concentration as the parameter is illustrated as FIG. 6.
The control device 6 previously stores the information about
the correlation relationship between the moisture content and
the torque on such as a memory or the like, and the stored
information is used to correct the set torque in accordance
with the variation of the feed sludge concentration. As an
example, the respective correlation relationship at the cen-
trifugal force (G) of 2000 G, 1900 G, and 1800 G are shown
in FIG. 6. The control device 6 may have been stored the
correlation relationship at any other centrifugal force (G) on
the memory or the like. For the clarity, the respective corre-
lation relationship is separately illustrated herein at the
respective centrifugal force (G). However, the correlation
relationship may be illustrated in the three-dimensional cor-
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relation diagram in which the moisture content is assigned to
its X-axis, the torque is assigned to its Y-axis and the feed
sludge concentration is assigned to its Z-axis using the cen-
trifugal force (G) as the parameter.

In a preferred embodiment, the control device 6 receives
the information about the result of the measured concentra-
tion from the concentration meter 208, and derives the set
torque value corresponding to the concentration using the
correlation relationship shown in FIG. 6. The derived set
torque value is set as the new set torque. For example, for the
target moisture content of 78%, the set torque at the centrifu-
gal force (G) 0f 1900 G is Torque B (see F1G. 5). Although the
Torque B is maintained as the set torque while the feed sludge
concentration is stable maintained at 1.5 mass %, if the feed
sludge concentration is varied from 1.5 mass % to 2.0 mass %
for example, the set torque is changed to the torque (Torque
B") corresponding to the target moisture content at the feed
sludge concentration of 2.0 mass % by use of the correlation
relationship shown in FIG. 6(5). In other words, the set torque
is corrected. Such operation to correct the set torque based on
the measured result for the feed sludge concentration may be
configured to perform in any specified interval which is pre-
viously set (e.x., an interval of 30 minutes).

As described above, in the constant torque control, since
the moisture content is estimated from the detected value of
the convey torque, the adequate set torque is essential in order
to obtain the sludge at the target moisture content. Therefore,
as described the above embodiments, correcting the set
torque through both the “centrifugal force” and the “feed
sludge concentration”, both of which may affect the correla-
tion relationship between the moisture content and the torque,
allows to achieve the set torque accurately corresponding to
the target moisture content. That is, the eftect of the variation
of the feed sludge concentration on the constant torque con-
trol can be suppressed, thereby realizing the automatic con-
trol on the decanter at the optimal condition in accordance
with the operation state of the incinerator.

[Operation for Constant Solid Processing Amount]

As described above, the main factor by which the feed
sludge concentration affects on the moisture content and the
torque is that the varying of the feed sludge concentration
leads the varying of the solid convey amount within the bowl
3. Thus, in the present embodiment, instead of correcting the
set torque as described above, the solid processing amount is
set previously and operating the system so that the solid
processing amount is constant, thereby reducing the effect on
the moisture content and the torque. In a proftered example,
the control device 6 receives, from the concentration meter
208 and the flowmeter, the information about the result of the
measured feed sludge concentration (kg/m’) and the mea-
sured flow rate (m*/h), then computes the solid processing
amount (kg/h) using the received information. Further, the
control device 6 adjusts the feed flow rate of the sludge so that
the computing value is maintained the set value of the solid
processing amount. Specifically, if the feed sludge concen-
tration is lower, the flow rate is adjusted to increase, and if the
feed sludge concentration is higher, the flow rate is adjusted to
decrease. The set value of the solid processing amount may be
set within the range between an upper limit value and a lower
limit value.

According to the embodiments mentioned above, by per-
forming the operation for the constant solid processing
amount, the effect of the variation of the feed sludge concen-
tration on the correlation relationship between the moisture
content and the torque can be suppressed. This allows omit-
ting the process to correct the set torque by use of the corre-
lation relationship as shown in FIG. 6 and the configuration
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for such process. Further, the operation of the incinerators on
subsequent process is stabilized by the constant solid process-
ing amount.

Two specific embodiments has been described that can
suppress the effect of the variation of the feed sludge concen-
tration on the constant torque control. The system may be
configured to comprise both the function to correct the set
torque and the function to perform the constant solid process-
ing amount operation, so that the operator may switch the
control method appropriately.

Furthermore, in the case of the decanter 1 comprises the
mentioned variable dam mechanism, the height of the dam
(i.e., exhaustion level of the separated liquid) may be sub-
jected to the variable controlled to achieve the target moisture
content (or, the set torque).

The control device 6 may store previously the information
indicative of the correlation relationship between the mois-
ture content of the concentrated sludge and the chemical feed
ratio of the flocculant agent on such as the memory or the like,
determines the optimal chemical feed ratio corresponding to
the target moisture content based on the correlation relation-
ship, and sets the optimal chemical feed ratio to the control
value, thereby controlling an amount of the flocculant agent
to be added. Since the correlation relationship between the
moisture content of the concentrated sludge and the chemical
feed ratio of the flocculant agent depends on the kind of the
flocculant agent used, it is preferable to obtain the correlation
relationship through a plant test or the like.

[Control based on the VTS/TS]

The above described embodiments are the examples in
which the control is performed in response to the moisture
content change request from the incinerator. Hereinafter, an
automatic control method based on the Volatile Total Solids/
Total Solids (VTS/TS) of the concentrated sludge will be
described in detail, as a modification of the mentioned con-
trol.

That is to say, the incinerator 202 sends the information
about the VTS/TS and the moisture content of the concen-
trated sludge being fed into the incinerator 202 to the control
device 6, as the information regarding the combustion state of
the concentrated sludge. Instead of the VTS/TS, the informa-
tion required to compute the VTS/TS may be sent. The infor-
mation required to compute the VTS/TS includes, for
example, the information about the used amount of the fire-
work fuel, the information about the sludge amount being fed
into the incinerator, and the information about the moisture
content of the concentrated sludge being fed into the incin-
erator. When the moisture content of the concentrated sludge
remains at a certain value, the correlation relationship
between the inclination amount and the firework fuel amount
is proportional relationship, such as schematically illustrated
in FIG. 7(a). In addition, the correlation relationship between
the firework fuel amount per unit incineration amount and the
VTS/TS is curved relationship, such as schematically illus-
trated in FIG. 7(b). Based on these correlation relationship
described above, the current VIS/TS of the concentrated
sludge can be computed from the incineration amount, the
firework fuel amount, and the moisture content of the con-
centrated sludge.

As described above, the incinerator 202 is subjected to the
control to change the firework fuel amount to be added in
accordance with the combustion state, in order to maintain the
stable combustion state. The VTS/TS and the moisture con-
tent of the concentrated sludge is one of the factors which
varies the required amount of the firework fuel. Ifthe VTS/TS
of'the concentrated sludge is high, since the calorific power of
the concentrated sludge itselfis high, the required amount of
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the firework fuel is decreased as long as the moisture content
is constant. On the other hand, the concentration efficiency is
degraded due to the dehydration resistance of the decanter 1.
In contrast, if the VTS/TS of the concentrated sludge is low,
the required amount of the firework fuel is increased. How-
ever, the dehydration is occurred easily, thereby the advan-
tage that the concentration efficiency of the decanter 1 is
enhanced. When the VTS/TS of the concentrated sludge is
constant, if the moisture content is higher, the required
amount of the firework fuel is increased, and if the moisture
content is lower, the required amount of the firework fuel is
decreased.

In this manner, the VTS/TS and the moisture content of the
concentrated sludge relate closely to the stable operation of
the incinerator 202. The varying of the VI'S/TS and the mois-
ture content of the concentrated sludge leads to the varying of
the required amount of the firework fuel, thereby the opera-
tion of the incinerator 202 may become unstable. Therefore,
in the present embodiment, based on the information about
the VIS/TS and the moisture content of the concentrated
sludge being sent from the incinerator, the appropriate mois-
ture content for the incineration is determined as the target
moisture content. Then, if the determined target moisture
content is complied with the current moisture content which
is informed from the incinerator, the current control value of
the moisture content is maintained, but if the determined
target moisture content is different from the current moisture
content, the determined target moisture content is set to a new
control value. The automatic control to obtain the concen-
trated sludge at the target moisture content is performed by
adjusting one or more control values selected from the cen-
trifugal force (G) applied to the sludge by the bowl 3, the
convey torque of the screw conveyor 4, the differential speed
between the bowl 3 and the screw conveyor 4, and the chemi-
cal feed ratio. Preferably, the automatic control in the present
embodiment may be performed in the same manner as the
automatic control method in response to the moisture content
change request described above.

In a more preferable control method, based on the correla-
tion relationship between the moisture content and the cen-
trifugal force (G) using the VTS/TS as the parameter which is
schematically illustrated FIG. 8, the optimal centrifugal force
(G)to achieve the target moisture content is determined. If the
VTS/TS is 80% and the moisture content which is informed
from the incinerator is 82%, in the example shown in FIG.
8(a), the optimal centrifugal force (G) is 1500 G. Further-
more, if the target moisture content is set to 80%, since the
optimal centrifugal force (G) is 1800 G, the control value of
the centrifugal force (G) is changed to 1800 G.

Once the optimal centrifugal force (G) is determined, the
control value of the convey torque is determined based on the
target moisture content and the centrifugal force (G) with
reference to FIG. 8(¢). Then, as schematically illustrated in
FIG. 8(b), the differential speed is subjected to the variable
control so that the convey torque measured by the torque
meter (detected value) is constant at the control value, in the
same manner as the mentioned control based on the set
torque. The set torque may be controlled so as to achieve the
optimal value, or otherwise be variably controlled so as to fall
within the range between the predetermined upper limit value
and the predetermined lower limit value. In addition, if pos-
sible, as illustrated also in FIG. 8(b), the control in which the
centrifugal force is gradually decreased (for example, from
1800 G to 1600 G) is performed so as to achieve the set torque
with the lower centrifugal force possible in the same manner
as the mentioned control based on the set torque. Instead of
the control based on the set torque, the control using the
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moisture content meter as mentioned above may be per-
formed. In addition, the control based on the set torque and
the control using the moisture content meter may be per-
formed in combination.

The VTS/TS of the concentrated sludge is one of the factors
that affect the correlation relationship between the moisture
content and the torque, similarly to as the centrifugal force
(G) and the feed sludge concentration as mentioned above.
Therefore, in case that the set torque may be corrected in
accordance with the VTS/TS of the concentrated sludge, the
more adequate control may be performed. In a preferred
example, the correlation relationship between the moisture
content and the torque using the VTS/TS of the concentrated
sludge as the parameter shows the relationship as schemati-
cally illustrated in FIG. 9. The automatic control device 6
previously stores the information about this correlation rela-
tionship as the information to correct the set torque bases on
the VTS/TS ofthe concentrated sludge on such as the memory
or the like, and corrects the set torque in accordance with the
variation of the VTS/TS of the concentrated sludge, or other-
wise so as to correspond to the record of the measured VTS/
TS.

As an example, the target moisture content which is deter-
mined based on the VIS/TS may be a self-sustaining com-
bustion moisture content which can be derived from the VTS/
TS. That is to say, the correlation relationship between the
VTS/TS and the self-sustaining combustion moisture content
of the concentrated sludge is proportional relationship as
schematically illustrated in FIG. 10. Based on this correlation
relationship, the target moisture content is determined and the
centrifugal force (G) is determined with which the self-sus-
taining combustion moisture content may be achieved. In
addition, since the VTS/TS and the chemical feed ratio have
a correlation relationship as schematically illustrated in FIG.
11, the chemical amount to be added may be controlled by
setting the optimal chemical feed ratio corresponding to the
VTS/TS to the control value.

Furthermore, the target moisture content may be deter-
mined based on the mode of operation of the sludge process-
ing system 202, as described above.

According to the above mentioned embodiments, the
present system comprises the control device 6, wherein the
control device 6 receives, from the incinerator 202, the infor-
mation regarding the combustion state of the concentrated
sludge and adjusts one or more control values selected from
the centrifugal force (G) applied to the sludge by the bowl 3,
the convey torque of the screw conveyor 4, the differential
speed between the bowl 3 and the screw conveyor 4, and the
chemical feed ratio. This allows the automatic control in
which the operational condition of the decanter 1 is set to the
optimal condition in accordance with the operational state of
the incinerator 202. As a result, the energy saving of the entire
system, the reduction of CO, emissions of the entire system,
and the reduction of running costs of the entire system can be
promoted.

According to the above described embodiments, when the
control device receives, from the incinerator 202, the infor-
mation regarding the combustion state of the concentrated
sludge and performs the constant torque control on the
decanter 1, by correcting the set torque through both the
“centrifugal force” and the “feed sludge concentration”, both
of which may affect the correlation relationship between the
moisture content and the torque, the set torque accurately
corresponding to the target moisture content can be achieve.
That is, the effect of the variation of the feed sludge concen-
tration on the constant torque control can be suppressed. This
can cause the automatic control of the operational condition
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of'the decanter 1 to be the optimal condition which compiles
to the operation state of the incinerator 202. As a result, the
energy saving of the entire system, the reduction of CO,
emissions of the entire system, and the reduction of running
costs of the entire system can be promoted. In addition, when
the information regarding VTS/TS may be obtained from the
incinerator, the correlation relationship between the moisture
content and the concentrated sludge convey torque can be
corrected also through the VTS/TS. This can cause the auto-
matic control be the optimized.

While the present invention has been described in detail in
conjunction with specific embodiments, it is apparent to per-
sons of ordinary knowledge in this technological field that
various substitutions, modifications, changes, and the like to
the forms and details can be made without departing from the
spirit and scope of the invention that are defined in the
description of claims. Therefore, the scope of the invention is
not limited to the above-described embodiments and the
accompanying drawings but should be defined by the claims
and their equivalents.

DESCRIPTION OF REFERENCE NUMERALS

1 decanter

2 casing

3 bowl

4 screw conveyor

5 feed nozzle

6 control device

200 sludge disposal system
202 incinerator

What is claimed is:

1. A sludge processing system comprising:

a centrifugal separator which concentrates sludge,

a furnace which heat-treats the concentrated sludge, and

an automatic control device which receives, from the fur-
nace, information regarding a heat-treatment state of the
concentrated sludge and controls the centrifugal separa-
tor based on the received information,

wherein the centrifugal separator includes a bowl by which
centrifugal force is applied to the sludge so as to separate
the sludge into the concentrated sludge and a separated
liquid, a screw conveyor to convey the concentrated
sludge contained in the bowl toward an exhaust port, a
drive motor to rotate the bowl, and a differential speed
generator to cause the screw conveyor to rotate at a
differential speed relative to the bowl,

wherein the received information includes a moisture con-
tent change of the concentrated sludge, and

wherein, in response to the moisture content change
request, the automatic control device controls as follow
(a) to (c):

(a) the automatic control device previously stores informa-
tion indicative of a correlation relationship between the
moisture content of the concentrated sludge and the
centrifugal force and a concentrated sludge convey
torque of the screw conveyor, sets a variable range of the
differential speed between the bowl and the screw con-
veyor, and performs a variable control of the differential
speed so that the concentrated sludge convey torque of
the screw conveyor achieves a torque corresponding to
the moisture content requested by the furnace within the
set variable range,

(b) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed varies within a certain range being previously set
and the concentrated sludge convey torque of the screw
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conveyor maintains the torque corresponding to the
moisture content requested by the furnace for a certain
period of time being previously set, a control value of the
centrifugal force is decreased so that the concentrated
sludge convey torque achieves a torque corresponding to
the moisture content requested by the furnace at the
decreased centrifugal force, and

(c) the automatic control device performs the variable con-

trol of the differential speed so that, when the differential
speed remains at a minimum value within the set vari-
able range and the concentrated sludge convey torque of
the screw conveyor is lower than the torque correspond-
ing to the moisture content requested by the furnace, the
control value of the centrifugal force is increased so that
the concentrated sludge convey torque achieves a torque
corresponding to the moisture content requested by the
furnace at the increased centrifugal force.

2. The sludge processing system according to claim 1,
wherein the automatic control device further stores informa-
tion for correcting the correlation relationship between the
moisture content of the concentrated sludge and the concen-
trated sludge convey torque of the screw conveyor in accor-
dance with a variation of a concentration of the sludge to be
fed into the centrifugal separator, and the automatic control
device corrects the torque corresponding to the moisture con-
tent requested by the furnace, using the information for cor-
recting.

3. The sludge processing system according to claim 1,
wherein the automatic control device further performs a con-
trol to adjust feed flow rate of the sludge in accordance with a
variation of a concentration of the sludge to be fed into the
centrifugal separator so that a solid processing amount of the
centrifugal separator is constant.

4. The sludge processing system according to claim 1,
wherein the automatic control device further performs a con-
trol to adjust a chemical feed ratio so as to achieve the mois-
ture content requested by the furnace.

5. The sludge processing system according to claim 1,
wherein

the centrifugal separator further includes a variable dam

mechanism for adjusting an exhaust level of the sepa-
rated liquid of the bowl, and

the automatic control device further performs a control to

adjust the exhaust level of the separated liquid of the
bowl so as to achieve the moisture content requested by
the furnace.

6. The sludge processing system according to claim 1,
wherein the furnace send the moisture content change request
of the concentrated sludge to the automatic control device
based on one or more of power consumptions, CO, emissions
and running costs for both of the centrifugal separator and the
furnace.

7. A sludge processing system comprising:

a centrifugal separator which concentrates sludge,

a furnace which heat-treats the concentrated sludge, and

an automatic control device which receives, from the fur-

nace, information regarding a heat-treatment state of the
concentrated sludge and controls the centrifugal separa-
tor based on the received information,

wherein the centrifugal separator includes a bowl by which

centrifugal force is applied to the sludge so as to separate
the sludge into the concentrated sludge and the separated
liquid, a screw conveyor to convey the concentrated
sludge contained in the bowl toward an exhaust port, a
drive motor to rotate the bowl, and a differential speed
generator to cause the screw conveyor to rotate at a
differential speed relative to the bowl,



US 9,206,064 B2

21

wherein the received information includes a moisture con-
tent of the concentrated sludge fed into the furnace and,
VTS/TS (Volatile Total Solids/Total Solids) or the infor-
mation required to compute the VTS/TS of the concen-
tration sludge, the automatic control device determines
either a current target value of the moisture content is
maintained or a new target value is set based on VTS/TS
of the concentrated sludge and controls as follow (a) to
(c):

(a) the automatic control device previously stores informa-
tion indicative of a correlation relationship between the
moisture content of the concentrated sludge and the
centrifugal force and a concentrated sludge convey
torque of the screw conveyor, sets a variable range of the
differential speed between the bowl and the screw con-
veyor, operates the centrifugal force determined based
on the VIS/TS, and performs a variable control of the
differential speed so that the concentrated sludge convey
torque of the screw conveyor achieves a torque corre-
sponding to the target moisture content within the vari-
able range,

(b) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed varies within a certain range being previously set
and the concentrated sludge convey torque of the screw
conveyor maintains the torque corresponding to the tar-
get moisture content for a certain period of time being
previously set, a control value of the centrifugal force is
decreased so that the concentrated sludge convey torque
achieves a torque corresponding to the target moisture
content at the decreased centrifugal force, and

(c) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed remains at a minimum value within the set vari-
able range and the concentrated sludge convey torque of
the screw conveyor is lower than the torque correspond-
ing to the target moisture content, the control value of the
centrifugal force is increased so that the concentrated
sludge convey torque achieves a torque corresponding to
the target moisture content at the increased centrifugal
force.

8. The sludge processing system according to claim 7,
wherein the automatic control device further stores informa-
tion for correcting the correlation relationship between the
moisture content of the concentrated sludge and the concen-
trated sludge convey torque in accordance with a variation of
a concentration of the sludge to be fed into the centrifugal
separator, and the automatic control device corrects the
torque corresponding to the target moisture content, using the
information for correcting.

9. The sludge processing system according to claim 7,
wherein the automatic control device further performs a con-
trol to adjust feed flow rate of the sludge in accordance with a
variation of a concentration of the sludge to be fed into the
centrifugal separator so that a solid processing amount of the
centrifugal separator is constant.

10. The sludge processing system according to claim 7,
wherein

the automatic control device further previously stores the
information indicative of a correlation relationship
between the moisture content of the concentrated sludge
and the centrifugal force of the bowl using the VTS/TS
as a parameter, and

the automatic control device sets a control value of the
centrifugal force of the bowl based on an optimum cen-
trifugal force corresponding to both of the VI'S/TS and
the target moisture content.
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11. The sludge processing system according to claim 7,
wherein the automatic control device further stores informa-
tion indicative of a correlation relationship between the mois-
ture content of the concentrated sludge, and

the concentrated sludge convey torque of the screw con-

veyor using the VIS/TS as a parameter, and the auto-
matic control device corrects the torque corresponding
to the target moisture content, using the information of
the correlation.

12. The sludge processing system according to claim 7,
wherein

the automatic control device further previously stores

information indicative of a correlation relationship
between the VTS/TS and a self-sustaining combustion
moisture content, and

the automatic control device computes the self-sustaining

combustion moisture content based on the VI'S/TS, and
sets the computed self-sustaining combustion moisture
content to a new target moisture content of the concen-
trated sludge.

13. The sludge processing system according to claim 7,
wherein the required information to compute the VTS/TS of
the concentrated sludge comprises information about each of
a used amount of a firework fuel, an amount of a feed sludge
to the furnace, and the moisture content of the concentrated
sludge fed into the furnace.

14. The sludge processing system according to claim 7,
wherein the automatic control device further previously
stores information indicative of a correlation relationship
between the VTS/TS and a chemical feed ratio, and

the automatic control device performs a control to adjustan

amount of the chemical to be added by setting an opti-
mum chemical feed ratio corresponding to the VTS/TS
which is the received information from the furnace or the
computed VTS/TS.

15. The sludge processing system according to claim 7,
wherein

the centrifugal separator further includes a variable dam

mechanism for adjusting an exhaust level of the sepa-
rated liquid of the bowl, and

the automatic control device further performs a control to

adjust the exhaust level of the separated liquid of the
bowl so as to achieve the target moisture content.

16. A storage medium storing a program for controlling an
operation of a sludge processing system, the sludge process-
ing system comprising:

a centrifugal separator which concentrates sludge,

a furnace which heat-treats the concentrated sludge, and

an automatic control device which receives, from the fur-

nace, information regarding a heat-treatment state of the
concentrated sludge and controls the centrifugal separa-
tor based on the received information,

wherein the centrifugal separator includes a bowl by which

centrifugal force is applied to the sludge so as to separate
the sludge into the concentrated sludge and a separated
liquid, a screw conveyor to convey the concentrated
sludge contained in the bowl toward an exhaust port, a
drive motor to rotate the bowl, and a differential speed
generator to cause the screw conveyor to rotate at a
differential speed relative to the bowl,

wherein the received information includes a moisture con-

tent change request regarding the concentrated sludge,
and

wherein, in response to the moisture content change

request, the program for controlling the operation of the
sludge processing system causes the automatic control
device to perform as follow (a) to (¢):
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(a) the automatic control device previously stores informa-
tion indicative of a correlation relationship between the
moisture content of the concentrated sludge and the
centrifugal force and a concentrated sludge convey
torque of the screw conveyor, sets a variable range of the
differential speed between the bowl and the screw con-
veyor, and performs a variable control of the differential
speed so that the concentrated sludge convey torque of
the screw conveyor achieves a torque corresponding to
the moisture content requested by the furnace within the
set variable range,

(b) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed varies within a certain range being previously set
and the concentrated sludge convey torque of the screw
conveyor maintains the torque corresponding to the
moisture content requested by the furnace for a certain
period of time being previously set, a control value of the
centrifugal force is decreased so that the concentrated
sludge convey torque achieves a torque corresponding to
the moisture content requested by the furnace at the
decreased centrifugal force, and

(c) the automatic control device performs the variable con-
trol of the differential speed so that, when the differential
speed remains at a minimum value within the set vari-
able range and the concentrated sludge convey torque of
the screw conveyor is lower than the torque correspond-
ing to the moisture content requested by the furnace, the
control value of the centrifugal force is increased so that
the concentrated sludge convey torque achieves a torque
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corresponding to the moisture content requested by the
furnace at the increased centrifugal force.
17. The sludge processing system according to claim 2,
wherein the automatic control device further performs a con-
5 trol to adjust a chemical feed ratio so as to achieve the mois-
ture content requested by the furnace.

18. The sludge processing system according to claim 3,
wherein the automatic control device further performs a con-
trol to adjust a chemical feed ratio so as to achieve the mois-
ture content requested by the furnace.

19. The sludge processing system according to claim 2,
wherein

the centrifugal separator further includes a variable dam

mechanism for adjusting an exhaust level of the sepa-
rated liquid of the bowl, and

the automatic control device further performs a control to

adjust the exhaust level of the separated liquid of the
bowl so as to achieve the moisture content requested by
the furnace.

20. The sludge processing system according to claim 3,
wherein

the centrifugal separator further includes a variable dam

mechanism for adjusting an exhaust level of the sepa-
rated liquid of the bowl, and

the automatic control device further performs a control to

adjust the exhaust level of the separated liquid of the
bowl so as to achieve the moisture content requested by
the furnace.
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